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Abstract. The potential of Empty Fruit Bunch obtained from palm oil tree as a low-cost adsorbent is 
a sustainable approach in wastewater treatment. The objective this study to investigate the capability 
of EFB for removal colour from natural rubber wastewater as well as the influence of adsorbent 
dosage, pH, shaking speed and contact time. The results of the analysis show that all selected factors 
exhibit significant effect on removal of colour. Maximum removal (87.1%) for colour was achieved 
at 3.5 g of adsorbent dosage, pH 7, 150 rpm of shaking speed, 120 min of contact time. The Langmuir 
isotherm (R2 = 0.9913) described colour adsorption slightly better than the Freundlich isotherm  
(R2 = 0.9805), suggesting a monolayer adsorption behavior of the adsorption processes. 
Introduction 
Adsorption has been proven to be one of the promising approaches for the removal of 
contaminants compounds from aqueous solution due to its effectiveness, flexibility, simplicity of 
design, ease of operation ability to remove contaminants at low concentration [1–5]. In recent years, 
the uses of natural adsorbents have gained a remarkable importance due to their low cost, 
environmental friendliness, local availability, and sustainability [6]. Agricultural wastes are 
inexpensive and abundantly available, mainly consists of cellulose, hemicelluloses and lignin which 
put together as an effective adsorbents for a wide range of pollutants holding the functional groups 
such as hydroxyl, carboxyl, phenols, that participates in binding with the pollutants [7]. 
Malaysia generates huge quantities of oil palm biomass wastes, including trunks, fronds, 
fibers, shells and empty fruit bunches (EFBs). According to Nasir [2], currently about 90 million tons 
of waste biomass such as empty fruit bunches, palm kernel shells and trunks are produced every year. 
About 3.0 million tons of oil palm empty fruit bunch (EFB) fibers are produced in every year [8].  
Empty fruit bunch (EFB) is solids residue left after the fruit bunches are pressed to extract oil [2]. 
Several previous studies have used EFB fiber as an adsorbent to remove dye [1,2], ammonia nitrogen 
[8], heavy metals [2,9] and total organic carbon [10].  
In this study, the potential of agricultural wastes, oil palm empty fruit bunch (EFB) were 
chemically modified with cationic as adsorbent for the removal of colour from natural rubber 
wastewater was investigated. The influence of dosage, solution pH, shaking speed and contact time 
was studied. The adsorption data of colour by EFB were further analyzed using the two commonly 
used models, namely Langmuir and Freundlich models.  
 
Defect and Diffusion Forum Submitted: 2017-09-15
ISSN: 1662-9507, Vol. 382, pp 292-296 Accepted: 2017-09-25
doi:10.4028/www.scientific.net/DDF.382.292 Online: 2018-01-10
© 2018 Trans Tech Publications, Switzerland
All rights reserved. No part of contents of this paper may be reproduced or transmitted in any form or by any means without the written permission of Trans
Tech Publications, www.scientific.net. (#106822793, Chalmers University of Technology, Göteborg, Sweden-14/02/18,09:44:33)
 Material and Method 
Wastewater. Wastewater was collected from discharge point of a plant located in natural 
rubber factory at Kluang, Johor, Malaysia. The samples immediately transferred to the laboratory 
before being preserved in a refrigerator at a temperature of below 4 °C to avoid further 
biodegradation. The characteristic of wastewater were analyzed according to the Standard Methods 
for Examination of Water and Wastewaters [11]. Characteristics of these wastewater as follows 
BOD5 3350, COD 5260 mg/L, suspended solids 500 mg/L, ammonia nitrogen 55 mg/L, colour   
345  Pt.Co, turbidity 87 NTU and pH 9.3. 
Preparation and Characterization of EFB Fibers.  Empty fruit bunch was obtained from 
Palm Oil factory located at Kluang, Johor state of Malaysia. EFB was modified  with citric acid 
performed according to Sajab et al. [1]. 10 g of EFB fibers was added to 100 ml of 0.6M CA 
(Sigma–Aldrich) at room temperature. The liquid was decanted and the wet fibers were dried in an 
oven at 50°C for 24 h. The temperature of the oven was raised to 120 °C and maintained at this 
temperature for 90 min. The modified EFB fibers were washed with hot water to remove excess CA. 
The fibers were then dried in the oven at 50 °C for 24 h and stored in a desiccator.  
Changes in the functional groups on EFB fibers after CA modification were verified using a 
Perkin Elmer GX Fourier transform infrared (FTIR) spectrometer. The chemical composition of EFB 
fibers such as cellulose, hemicelluloses and lignin were determined by using the following respective 
standard methods: T 222 om-06, Chlorination and Kurschner-Hoffner Methods [12]. The samples 
were observed under a Scanning Electron Microscope (SEM) to study its fiber morphological 
properties. 
Adsorption Studies. Batch experiments were conducted using the batch method to determine 
the range of the process variable which includes dosage, pH, shaking speed and contact time. Each of 
the process variables for those need optimized was investigated and monitored separately. 
Experiment performed by using EFB as a media and 100mL of natural rubber wastewater in a 250mL 
erlenmeyer flask. The flask lid was wrapped with laboratory film (Parafilm M, USA) for ensure 
satisfactory agitating process. The prepared flask was agitated with orbital shaker (Sartorius, 
Germany). Then the flask was removed and allowed to settle a bit before the supernatant was 
withdrawn for analysis of colour [13]. The adsorption data of colour by EFB were further analysed 
using the two commonly used models, namely Langmuir and Freundlich models to ascertain the 
favourability of the adsorbent. Langmuir and Freundlich isotherms have been widely used for the 
fitting of adsorption data. Langmuir isotherm analyzes the formation of a monolayer adsorbate onto 
the adsorbent surface [4]. 
Result and Discussion 
Characteristics of Adsorbent.  EFB in this study constitutes a lignocellulose material which 
consists of chemical component of 52% cellulose, 27% hemicellulose, 17.5% lignin and 3.4 ashes. 
Oil palm biomass is lignocellulose residues composed of cellulose, hemicellulose, lignin and ash 
[14]. The present high of cellulose is important; it contribute to the better adsorption of oil, heavy 
metal and other pollutant  [6]. 
In order to identify the presence of the functional groups in the composite, the Fourier 
transform infrared (FT-IR) spectroscopy was used [3]. FTIR spectrometry revealed strong stretching 
vibration adsorption bands at around 1740–3370 cm–1 characteristic of carbonyl and carboxylic 
groups on the EFB. While,  The presence of C–H stretching and N–H functional groups on the EFB 
was confirmed by bands at 2900 and 1500 cm–1, respectively. A broad band in the range of 3600– 
3200 cm-1 corresponds to the overlap of the N–H bond of amino groups with the O–H bond of 
hydroxyl groups [15]. From the FTIR show that the EFB fibers suitable as an adsorbent. 
Fig. 1. shows the microstructure of EFB fibers determined by means of SEM. From the figure 
show the EFB have a few pores. According to Ismail et al., [16] a small pores (also called tunnels, 
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 channels or cavities) of about 0.1 –2 nm diameter running through the material. In these small 
channels, solid, liquid and gaseous substances can be trapped. 
 
Fig. 1. Surface physical morphology of treated EFB 
Effect of EFB dosage. From the Fig.2, the percentage removal of colour increases with the 
increase in the adsorbent dose until it reaches an optimum mass of 3.5 g, then, the percentage removal 
begins to decrease with a further increment of the adsorbent dose of EFB. This behavior explained by 
Daud [4], when the amount of adsorbent increases, the amount of available adsorption sites increases 
until the optimum mass is reached, any further increase in the adsorbent dose may result in 
aggregation, which can decrease the probability of molecules contacting all available adsorption sites.  
Effect of pH. Fig. 3 shows the effect of pH wastewater on the percentage of colour adsorbed 
onto EFB. Due the increase in the pH wastewater from 2.0 to 7.0 has increased the amount of colour 
adsorbed. When the pH increases in the wastewater, the number of negatively charged sites increases, 
whereas that of the positively charged sites decreases, thereby resulting in an electrostatic attraction 
between the charged particles. The uptake process increases until it reaches equilibrium [4]. The 
optimum pH for adsorption of colour was recorded at pH 7. 
 
Fig. 2. Effect of EFB dosage on adsorption of 
colour 
 
Fig. 3. Effect of pH on adsorption of colour 
Effect of Shaking Speed. From Fig. 4 the adsorption increases simultaneously with the 
agitation speed. The increase in percentage removal can be explained by the fact that increasing 
shaking speed reduced the film boundary layer surrounding particles, thus increasing the external film 
transfer coefficient, and hence the percentage colour removal [17]. The optimum shaking speed 
obtained from experiment was 150 rpm with the removal efficiency of 79.3 %. Hence, 150 rpm was 
selected for further study.  
Effect of Contact Time. It is observed that the rate of removal of colour from natural rubber 
wastewater was initially rapid and then diminished gradually until an equilibrium time beyond which 
there was no significant increase in the removal rate show in Fig.5. This phenomenon occurs because 
plenty of empty surface sites are available for adsorption during the early stage and after some time 
the remaining empty surface sites are hard to be occupied because of the repulsive force between the 
solute molecules on the solid surface and in bulk phase [18]. From the result obtained, the optimum 
contact time from experiment was 2 hour with the removal efficiency of 87.1 %. 
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Fig. 4. Effect of shaking speed on adsorption on 
colour 
 
Fig. 5. Effect of contact time on adsorption of 
colour 
Adsorption Isotherms. The Langmuir isotherm model can be expressed with the following 
equation: 
Ce/qe = Ce/Qo + 1/Qob                                                                                                                          (1) 
where Qo (mg g−1) is the maximum adsorption at the monolayer, Ce (mg L−1) is the 
equilibrium concentration, qe (mg g−1) is the amount of colour adsorbed at equilibrium concentration, 
and b (L g−1) is the Langmuir constant.  The essential features of the Langmuir isotherm can be 
expressed in terms of a dimensionless constant separation factor, RL, used to predict whether the 
sorption system is favourable or unfavourable in a batch adsorption process. Using the b value 
obtained from the Langmuir isotherm equation, one can calculate the separation factor, RL, using the 
following equation: 
RL = 1/(1+bC0)                                                                                                                                      (3) 
where b is the Langmuir constant and Co (mg/L) is the highest concentration. The value of RL 
is related to the type of the isotherm, and can indicate either unfavorable (RL > 1), linear (RL = 1), 
favorable (0 < RL < 1) or irreversible (RL = 0) adsorption. The Freundlich isotherm model deals with 
a heterogeneous surface, with assumption that different sites with several adsorption energies are 
involved, and can be expressed as follows: 
Log qe = log KF + log Ce/n                          (2) 
where KF is the Freundlich constant (mg g−1) that indicates sorption capacity and n is the 
Freundlich constant that indicates adsorption intensity. 
The correlation coefficients for the Langmuir isotherm were higher than the values obtained 
for the Freundlich isotherm show in Table 1. Therefore, the Langmuir isotherm was found to best fit 
the equilibrium data for adsorption of colour using EFB fiber. From Table 3 shows the RL values for 
kaolin which are 0.046, indicating that the adsorption of colour onto EFB is favorable. 
Table 1. Isotherm parameters for removal of colour onto EFB 
Langmuir Freundlich 
qm (mg/g) B (L/mg) RL R2 KF n R2 
11.35 0.0683 0.046 0.9913 1.0021 1.62 0.9805 
Conclusion 
Oil palm empty fruit bunch (EFB) modified with citric acid (CA) were used to adsorb colour 
from natural rubber wastewater. The influences of adsorbent dosage, solution pH and contact time 
were studied in batch experiments at room temperature. The results of the analysis show that all 
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 selected factors exhibit significant effect on removal of colour. From these experiments, it can be 
concluded that EFB has a great potential as a low-cost adsorbent in the removal of colour from rubber 
wastewater.  In fact, EFB has an attractive eco-friendly material of being a highly-abundant 
by-product of agricultural waste and simultaneously able to overcome the problem concerning to 
environmental agricultural waste disposal. 
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